CD95(APO-1/Fas)-mediated apoptosis of bystander uninfected T cells exerts a major role in the HIV-1-mediated CD4 þ T-cell depletion. HIV-1 gp120 has a key role in the induction of sensitivity of human lymphocytes to CD95-mediated apoptosis through its interaction with the CD4 receptor. Recently, we have shown the importance of CD95/ezrin/actin association in CD95-mediated apoptosis. In this study, we explored the hypothesis that the gp120-mediated CD4 engagement could be involved in the induction of susceptibility of primary human T lymphocytes to CD95-mediated apoptosis through ezrin phosphorylation and ezrin-to-CD95 association. Here, we show that gp120/IL-2 combined stimuli, as well as the direct CD4 triggering, on human primary CD4 þ T lymphocytes induced an early and stable ezrin activation through phosphorylation, consistent with the induction of ezrin/CD95 association and susceptibility to CD95-mediated apoptosis. Our results provide a new mechanism through which HIV-1-gp120 may predispose resting CD4 þ T cell to bystander CD95-mediated apoptosis and support the key role of ezrin/CD95 linkage in regulating susceptibility to CD95-mediated apoptosis.
Introduction CD95 (APO-1/Fas) is a member of the tumor-necrosis factor receptor family involved in both the physiological control of cell proliferation and in the pathogenesis of viral, autoimmune and neoplastic diseases. [1] [2] [3] [4] However, little is known about the mechanisms underlying cell susceptibility to the CD95-mediated apoptosis. Apoptosis of bystander uninfected T cells holds a major role in the human immunodeficiency virus type 1 (HIV-1)-mediated CD4 þ T-cell depletion [5] [6] [7] [8] through mechanisms that may involve increased sensitivity of human lymphocytes to CD95-mediated apoptosis. [9] [10] [11] In fact, HIV-1 gp120 has been shown to be involved in the induction of increased sensitivity to CD95-mediated apoptosis through triggering of CD4 receptor and CXCR4 or CCR5 signaling events (reviewed in Roshal et al. 6 , Vlahakis et al. 11 ). Moreover, the state of activation/differentiation and/or polarization of human lymphocytes is a crucial factor in the pathogenesis of HIV-1 infection, including the induction of apoptotic pathways. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] During activation, T lymphocytes become motile cells, switching from a spherical to a polarized shape and rapidly orienting their cytoskeletal and membrane components towards the polarized cell site (i.e. the uropod or the leading edge). [24] [25] [26] [27] [28] [29] The ability of a cell to polarize is directly related to the membrane/cytoskeleton interactions. Ezrin, radixin and moesin belong to a family of proteins (ERM) involved in the linking of transmembrane proteins to the actin cytoskeleton. [30] [31] [32] [33] [34] [35] ERM proteins expose their binding sites to both actin and membrane proteins exclusively when they are in an opened/activated form through phosphorylation. [35] [36] Notably, a rapid ezrin Tyr-phosphorylation does occur following CD4 crosslinking in human T -lymphocytes. 37 Ezrin is a substrate for Lck in T cells 38 and the CD4 engagement by HIV-1 gp120 is able to activate several tyrosine (Tyr) kinases [39] [40] including Lck. 41 Moreover, ezrin binding to membrane proteins is involved both in lymphocyte activation and in the formation of the immunological synapse. 42 Connection to actin is of crucial importance in CD95-mediated apoptosis, both in predisposing T lymphocytes to CD95-mediated apoptosis, 43 and in allowing the early steps of CD95 signaling. 44 Particularly, we have shown that the CD95 polarization, due to the ezrin-mediated CD95/actin association, is the key in rendering human CD4 þ T lymphocytes susceptible to CD95-mediated apoptosis. 43 In this study, the possible involvement of ezrin activation and ezrin/CD95 association in the HIV-1 gp120-induced susceptibility to CD95-mediated apoptosis of human resting CD4 þ T lymphocytes was investigated.
CD95-mediated apoptosis of human lymphocytes. Our previous report 43 showed that CD95 polarized and associated to ezrin only in human lymphocytes susceptible to CD95-mediated apoptosis (i.e. CEM cells and day-6 activated T lymphocytes). Thus, we analyzed CEM cells and activated primary human T lymphocytes in order to verify whether ezrin was stably phosphorylated in these conditions. For this purpose, we tested the presence of phosphorylated ezrin by blotting with an anti-phosphotyrosine (P-Tyr) monoclonal antibody on ezrin immunoprecipitates from CEM cells and resting (analyzed immediately after isolation) or day-6 activated T-lymphocytes total protein extracts. The results showed detectable P-Tyr levels exclusively in ezrin immunoprecipitates of CEM and day-6 activated T cells (Figure 1a) , that is in cells displaying susceptibility to CD95-mediated apoptosis. Thus, we analyzed the effects of activation on ezrin phosphorylation and CD95-mediated apoptosis cell susceptibility on purified CD4 þ T cell populations (97% purity) ( Figure 1b) . We obtained results highly consistent to those obtained on peripheral blood lymphocytes (PBLs). In fact, P-Tyr levels were exclusively detectable in ezrin immunoprecipitates of CEM and day-6 activated CD4 þ T cells (Figure 1b , left panel). Moreover, day-6 activated CD4 þ T cells showed a susceptibility to CD95-mediated apoptosis that was fully comparable to that shown for day-6 activated T cells (Figure 1b, right panel) . These results suggested that ezrin Tyr-phosphorylation may represent a prerequisite for CD95-ezrin interaction and, as a consequence, for susceptibility to CD95-mediated apoptosis.
Gp120/rIL-2 stimuli induced ezrin phosphorylation
On the basis of previous reports, [38] [39] [40] [41] [42] we analyzed the capability of HIV-1 gp120-CD4 binding to trigger ezrin Tyrphosphorylation in T lymphocytes (Figure 1c-d) . The total cell extracts of PBLs treated with gp120 and/or recombinant IL2 were immunoprecipitated using an anti-ezrin mAb and blotted with an anti P-tyr mAb, in order to test the presence of the Tyrphosphorylated form of ezrin. The analysis was performed at both early ( Figure 1c ) and late ( Figure 1d ) time points after the single and combined treatments. At the early time points (2-30 min), exclusively the combined IL2/gp120 treatment induced a Tyr-phopshorylation of ezrin, lasting until 30 min after stimulation, while a very early but unstable ezrin Tyrphosphorylation followed either the single gp120 or IL2 treatments (Figure 1c) . Thus, we performed the same analysis on gp120-and/or IL2-treated PBLs, 24 or 48 h after stimulation. The results showed again that only human primary PBLs collected at both 24 and 48 h IL2/gp120 posttreatment displayed a strong Tyr-phosphorylation of ezrin (Figure 1d ), while the single treatments resulted in an almost undetectable phosphorylation of ezrin. Notably, the results showed that under the combined treatment, T lymphocytes maintained a level of ezrin Tyr-phosphorylation comparable to CEM cells and day-6 activated PBLs (Figure 1d ). Monocyte-depleted purified CD4 þ T cells behaved as PBLs, allowing us to exclude that a triggering of CD4 þ monocytes significantly contributed to the increase of ezrin phosphorylation detected after gp120 stimulation of the total PBL (not shown). These results suggested that the contemporary The results showed that only PBLs after IL2/gp120 combined treatment displayed strong and long-lasting ezrin phosphorylation gp120 and IL2 triggering is able to sustain and maintain a high level of ezrin activation in human resting PBLs, which was comparable to that of human lymphoblastoid T cells and day-6 activated PBLs. Notably, different from both lymphoblastoid T cells and day-6 activated PBLs, the gp120/IL-2 stimulation was able to induce stable ezrin phosphorylation in human resting lymphocytes in the absence of cell proliferation. In fact, cell cycle analyses clearly indicated that no significant differences could be detected between the resting and IL-2-treated PBLs (resting cells: 89.36% G0G1; 2.53% S; 8.11% G2M; IL2-treated cells: 88.5 G0G1; 1.96 S; 9.52 G2M).
Combined gp120/rIL-2 stimuli induced polarization of CD95 on uropods 
Gp120/rIL-2 stimuli induced CD95/ezrin association
Polarization of a membrane protein and its colocalization with a protein of the ERM family are the first and more important features suggesting a possible molecular association to the actin cytoskeleton. Thus, in the following set of experiments, we verified whether a CD95/ezrin association underlined CD95/ezrin colocalization induced by gp120/IL2 combined stimuli. For this purpose, we performed coimmunoprecipitation and Western blot analysis on gp120/IL2 pretreated T lymphocytes, as compared to the other treatments. The results (Figure 3a) showed that CD95 and ezrin coimmunoprecipitated only in extracts from IL2/gp120-treated T lymphocytes, while ezrin was undetectable in the CD95 immunoprecipitates from extracts of single treatments.
Thus, we performed new immunoprecipitation experiments aimed at defining the phosphorylation state of ezrin associated to CD95. For this purpose, we immunoblotted with either an anti-P-Tyr mAb or an anti-ezrin mAb the CD95 immunoprecipitates from CEM, 6 days activated PBLs, gp120/IL2-treated or resting PBLs. The results showed the presence of an 80 kDa Tyr-phosphorylated protein in CD95 immunoprecipitates of CEM cells, 6 days activated PBLs and gp120/IL2-treated PBLs (Figure 3b ). Reblotting the same nitrocellulose filter with anti-ezrin mAb confirmed that the phosphorylated 80 kDa protein band fully overlapped with ezrin band (Figure 3b) . Notably, in CD95 immunoprecipitates of resting PBLs, we did not detect both an 80 kDa Tyrphosphorylated protein and the ezrin protein (Figure 3b) , supporting the specificity of our findings. This set of results strongly suggested that the phosphorylated form of ezrin was associated with CD95 exclusively in lymphocytes susceptible to CD95-mediated apoptosis and in those treated with gp120/ IL2, in turn supporting a role of Tyr-phosphorylation-mediated ezrin activation in CD95/ezrin association.
Gp120/rIL-2 stimuli induced susceptibility to CD95-mediated apoptosis
Our previous data showed that in human lymphocytes, CD95/ ezrin polarization, colocalization and association were consistent with susceptibility to CD95-mediated apoptosis. 43 Thus, we analyzed the response of gp120/IL2 pretreated T lymphocytes to CD95 triggering, in order to assess whether CD95 polarized relocalization and association with ezrin corresponded to susceptibility to CD95-mediated apoptosis. FACS analysis (Figure 3c ) showed that only gp120/IL2 pretreated human lymphocytes displayed an increased (twoto three-fold) susceptibility to CD95-mediated apoptosis, induced by a specific CD95-triggering-mAb (Figure 3c , right panel), while the single-, gp120-or IL2-treated lymphocytes did not show a detectable increase in the capability to undergo apoptosis (Figure 3c , right upper and central panels).
Again, these results support the importance of CD95/ezrin association in the induction of CD95-mediated apoptosis susceptibility and suggest a key role for gp120-induced ezrin activation in the establishment of an enhanced susceptibility to CD95-mediated apoptosis of uninfected T lymphocytes.
Ezrin phosphorylation through specific CD4 triggering
Antibody-mediated engagement of CD4 induces sensitization to CD95-mediated apoptosis in resting purified T cells. 45 Hence, in order to verify whether a specific CD4 receptor triggering underlay the HIV-1 gp120-induced ezrin phosphorylation, ezrin/CD95 association and susceptibility to CD95-mediated apoptosis, we treated resting CD4 þ T cells with an anti-CD4 antibody, either alone or in combination with IL2, verifying whether this stimulation might mimic the gp120/IL2 effect.
CD4 þ purified T cells were treated with the triggering anti-CD4 mAb for 48 h, either alone or in the presence of IL2, and analyzed for CD95-mediated susceptibility to apoptosis (Figure 4a and b) , as well as for the presence of ezrin phosphorylation and ezrin/CD95 association (Figure 4c) . The 48 h treatment of CD4 þ T cells with the anti-CD4-triggering mAb was highly effective in inducing proneness to CD95-mediated apoptosis (Figure 4a) , either alone or in the presence of IL2, which only slightly increased the effect of GP120-induced CD95/ezrin association F Luciani et al the anti-CD4 mAb treatment on the susceptibility to CD95-mediated apoptosis. This was clear even when the percentages of cells undergoing secondary necrosis (propidium iodide (PI) positive) were added up to the apoptotic cells (annexin V positive) (Figure 4b) . Consistent with the susceptibility to the CD95 triggering, the anti-CD4 mAb treatment induced ezrin phosphorylation (Figure 4c , upper panel) and ezrin/CD95 association in the purified CD4 þ T cells in the purified CD4 þ T cells (Figure 4c, lower panel) . Notably, the results obtained with the anti-CD4 antibody were fully comparable to those obtained with the gp120/IL-2 stimulation of purified CD4 þ T lymphocytes. This set of results on the one hand confirm previous results showing that CD4 receptor triggering alone is able to induce ezrin phosphorylation, 37 and on the other newly demonstrate that ezrin phosphorylation is an early step of a cascade of events including ezrin/CD95 association and sensitization to CD95-mediated apoptosis, which may involve a direct stimulation of CD4 receptor.
Discussion
The actin cytoskeleton participation in both the CD95 signaling pathway and the CD95-induced apoptosis has been proposed. [43] [44] [45] [46] An ezrin-mediated CD95 connection to actin has a role in predisposing T lymphocytes to CD95-mediated 43 and the CD95 connection to actin is a crucial requirement for the occurrence of the early events of the CD95 signaling. 44 However, there were no data supporting a possible role of this mechanism in the pathogenesis of CD95-mediated apoptosis of human diseases. Infection with HIV-1 is associated with a progressive decrease in CD4 þ T-cell number and a consequent impairment in host immune defense. The mechanism by which the virus depletes CD4 þ T cells, however, is not clearly understood. Since the virus predominantly infects CD4 þ lymphocytes in vivo, some have assumed that HIV replication directly kills the infected cells or that the anti-HIV immune response destroys them. However, a large number of studies do not support this concept (reviewed in Roshal et al. 6 ), suggesting that CD4 þ T lymphocyte depletion occurs by an indirect mechanism. 47 The most plausible mechanism, which is backed by in vivo data, involves the consequences of HIV contact with resting CD4 þ T lymphocytes, which cannot support virus replication. 47 Notably, CD4 þ T cells not making HIV are the predominant cells dying in the lymph nodes of HIV þ subjects. 47 These studies indicate that the principal mechanism of CD4 þ T-cell depletion by HIV is due to its use of CD4 as its primary receptor and the signaling induced through this receptor in nonpermissive (resting) T lymphocytes. 47 Analysis of T cells from patients infected with HIV, or of T cells infected in vitro with HIV, demonstrates a significant fraction of both infected and uninfected cells dying by apoptosis. 48 Between the many mechanisms that contribute to HIV-associated lymphocyte apoptosis, gp120/160 binding to the CD4 receptor is enclosed (reviewed in Roshal et al. 6 ). On the basis of our previous report 43 in this study, we have explored the possibility that HIV-1-induced proneness to apoptotic mechanisms could be due to the gp120-mediated ezrin activation, and ezrin-to-CD95 association, in human resting T cells. Previous studies showed that ezrin Tyr-phosphorylation is a crucial requirement for the ezrin linkage to the majority of the known ezrin-interacting membrane proteins (e.g. ICAMs, CD44). 35, [49] [50] [51] [52] [53] In this study, we have shown that ezrin Tyr-phosphorylation was a constant finding in both CEM cells and day-6 activated T lymphocytes, which are cells where the consistency of CD95-ezrin association and susceptibility to CD95-mediated apoptosis have been previously shown. 43 When we treated primary T cells with gp120 and IL-2, the resulting data showed clearly that gp120-IL-2 stimuli induced (i) lymphocyte polarization with uropod formation; (ii) CD95/ezrin colocalization on lymphocyte uropods and (iii) a stable ezrin phosphorylation, with the presence of an 80 kDa Tyr-phosphorylated protein, corresponding to ezrin, in CD95 immunoprecipitates. All these acquired properties were consistent with susceptibility to CD95-mediated apoptosis. Notably, the interaction of virionassociated gp120 with cell surface CD4 can occur in uninfected cells. 54 Specifically, gp120/gp41 complexes on infected cells may interact with receptor molecules expressed on uninfected cells. The gp120/CD4 interaction may lead both to sensitization of T cells to CD95-mediated apoptosis 55 and activation induced T-cell death. 56 Moreover, gp120 protein shed from both infected cells and HIV-1 virions may bind to uninfected CD4 þ T cells and gp120 can by itself transduce intracellular signals. 57 These signals are thought to be receptor. 57 In fact, we have shown here that all the effects obtained using unpurified PBLs or total T cells can be obtained in purified CD4 þ T cells both with IL-2/gp120 combined stimuli and with direct triggering of CD4 receptor with an anti-CD4 mAb.
In our study, resting lymphocytes and lymphocytes undergoing single gp120 or IL-2 stimulation did showed neither detectable polarization nor CD95/ezrin association or proneness to CD95-mediated apoptosis. These findings support the hypothesis that the state of activation of the immune system, instead of the HIV-1 infection, is the major cause of CD4 þ depletion and AIDS 6, 23, 47 In fact, we have shown that it is the contemporary gp120 and IL-2 stimulation that predisposes T lymphocytes to CD95-mediated apoptosis through ezrin phosphorylation, while the single treatments were not able to both sustain a lasting ezrin phosphorylation and to induce susceptibility to CD95-mediated apoptosis. Our data suggest in turn that the gp120/IL-2 stimulation induces proneness to CD95-mediated apoptosis through a peculiar activation state of T lymphocytes in the absence of the mitogenic stimuli.
Altogether, the results of this study provide a new mechanism through which HIV-1 may predispose T lymphocytes to CD95-mediated apoptosis, in turn favoring a CD4 þ T lymphocyte apoptosis without infection. Particularly, with our results we provide evidence that the CD95/ezrin linkage is not only a key mechanism possibly involved in the physiological homeostasis of the immune system but also it may occur in a pathological condition, such as AIDS, where the pathogenic mechanism/s underlining the major cause of the disease, that is CD4 þ T-cell depletion, were so far not clear.
Materials and Methods

Cells and reagents
All the cells used in this study were cultured in RPMI 1640 medium enriched with 10% fetal bovine serum and antibiotics (basic medium, BM), in humified 5% CO 2 and 95% air atmosphere. Human peripheral blood lymphocytes (PBLs) were obtained by Ficoll followed by Percoll density gradient centrifugation (CHEBIOS). Alternatively, CD4 þ T cells were negatively selected by Magnetic Cell Sorting (MACS s , Myltenyi biotec) from PBMC after Ficoll density gradient centrifugation, following the manufacturer's instructions. The kit allowed the depletion of B cells, monocyte, NK cells, cytotoxic T cells, dendritic cells early erythroid cells platelets and basophils from PBMC using a cocktail of CD8, CD11b, CD16, CD19, CD36 and CD56 antibodies. The percentage of CD4 þ T cells obtained by this method was comprised between 96 and 99%, as assessed by FACS analysis (see below). Purified T cells were analyzed immediately after isolation (resting T cells) or, alternatively, activated with IL-2 50 UI/ml (Chiron) and PHA 2 mg/ml (activated T cells). After 3 days from activation, PHA was removed and PBL were cultured until 7 days from activation in a medium supplemented again only with IL2 60 U/ml. Alternatively, cells were treated with IL-2 and/or HIV-1 gp120 (3 mg/ml, Intracell Corporation, USA) or anti-CD4 mAb (clone Leu3A, BD Biosciences) for the time indicated in the figures.
Antibodies
Western blotting: For ezrin detection, we used a monoclonal antibody supplied from SIGMA (clone 3C12). For pTyr detection, we used a monoclonal antibody supplied from Upstate Biotechnologies (clone 4G10). For CD95 detection, we used a polyclonal antibody supplied from SantaCruz, CA (clone C20).
Immunoprecipitation: Immunoprecipitation of Ezrin and CD95 was performed using a monoclonal antibody supplied from SIGMA (anti-ezrin, clone 3C12) and a monoclonal antibody supplied from Calbiochem (anti-CD95, clone DX2), respectively.
Immunofluorescence: (i) anti-CD95 polyclonal antibody (Santa Cruz Biotechnology, CA, USA) (ii) anti-ezrin monoclonal antibody (Transduction Laboratories, Lexington, KY, USA).
FACS analysis: anti-CD95-FITC monoclonal antibody (Chemicon International, Inc., CA, USA).
Immunoprecipitation and Western blotting
Cells were pelleted and lysed in Akt buffer (150 mM Nacl, 20 mM Tris pH 7.4, 1% NP40, 10% Glycerol) supplemented with protease and phosphatase inhibitors, incubated for 15 min on ice and centrifuged for 15 min at 41C, thus removing cell debris and collecting the supernatant.
CD95 and ezrin proteins were immunoprecipitated adding to the precleared lysate (1 h, þ 41C) the appropriate antibody (see antibodies section) and incubating overnight at 41C in the presence of protein A þ Gsepharose (4B Fast Flow, SIGMA). Immunoprecipitated beads were washed four times in AKT buffer, resuspended in SDS sample buffer and resolved on 10% SDS-PAGE gel. Immunoprecipitated proteins or total protein extracts were transferred onto nitrocellulose membrane (Schleicher and Schuell) and analyzed by Western blotting, revealing immobilized proteins by ECL detection. Gel stripping was performed using Restore Western blot stripping buffer (Pierce, Rockford, IL, USA), according to the manufacturer's instructions.
Flow cytometry
Cell cycle analysis
Cell cycle progression analysis of resting and IL-2-treated T cells was performed by flow cytometry. Cells were fixed and permeabilized with icecold ethanol for 30 min and, after this time, washed twice with PBS. DNA staining was performed by incubating cells at 371C in PBS containing 40 mg/ml PI and 0.4 mg/ml DNase-free RNase (type 1-A). Samples were analyzed collecting FL2 red fluorescence in a linear scale at above 620 nm. The percentage of cells in the different phases of the cell cycle was determined by ModFIT software analysis.
Apoptosis quantification
Three-color flow cytometric analysis of PBLs was performed before or after CD95 triggering (500 ng/ml of IgM anti-CD95 antibody, clone CH11, upstate Biotechnology, Lake Placid, NY, USA). Cells (5 Â 10 5 ) were incubated at 41C with a saturating concentration of directly conjugated PerCP-anti-CD4 (BD Biosciences, Mountain View, CA, USA). After 30 min, cells were washed and double stained by using the annexinVisothiocyanate (FITC) apoptosis detection kit (Eppendorf, Milan, Italy). By using this technique, cells that have lost membrane integrity (therefore considered as necrotic cells) will show red staining with PI (40 mg/ml) throughout the nucleus and then they will be easily distinguishable from the living cells.
Quantification of surface antigen expression
Cells were incubated for 30 min at 41C with a saturating concentration of the appropriate antibody. After 30 min, cells were washed and incubated at 41C with an FITC-conjugated anti-mouse antibody.
The samples were analyzed with a FACScan cytometer (Becton Dickinson) equipped with a 488 argon laser. At least 20 000 events were acquired. Data were recorded and statistically analyzed by a Macintosh computer using CellQuest Software. The calculation of fluorescence (expressed as median value) was carried out after conversion of GP120-induced CD95/ezrin association F Luciani et al logarithmically amplified signals into values on a linear scale and the statistical significance was calculated by using the parametric Kolmogorov-Smirnov (K/S) test. Statistical analysis of apoptosis data was performed by using Student's t-test. All data reported in this paper are the mean of at least four separate experiments7standard deviation (S.D.). Only P-values of less than 0.01 were considered as significant.
Scanning electron microscopy analysis
PBLs, grown as described above, were collected by centrifugation and attached to polylysine-coated glass coverslips. Control and treated cells were fixed with 2.5% glutaraldehyde in 0.1 M cacodylate buffer (pH 7.4) at room temperature for 20 min. Following postfixation in 0.1% OsO 4 for 30 min, cells were dehydrated through graded ethanols, critical point-dried in CO 2 and gold-coated by sputtering. The samples were examined with a Cambridge 360 scanning electron microscope.
Immunofluorescence analysis
Controls and treated cell surpernatants were collected by centrifugation, attached to polylysine-coated glass coverslips fixed with 4% paraformaldehyde in PBS for 30 min at room temperature. After washing in the same buffer, cells were permeabilized with 0.5% Triton X-100 (Sigma) in PBS for 5 min at room temperature. Samples were then incubated at 371C for 30 min with the appropriate primary antibody and then with anti-rabbit IgG TRITC-conjugate (whole molecule) or anti-mouse IgG FITC conjugate (whole molecule) (Sigma Chemicals Co., USA). After washing, all samples were mounted with glycerol-PBS (2:1) and analyzed with a Nikon Microphot fluorescence microscope. Images were captured by a colorchilled 3CCD camera (Hamamatsu, Japan). Normalization and background subtraction were performed for each image. Figures were obtained by the OPTILAB (Graftek, France) software for image analysis.
